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CoHpotar Vaolinology and Bnd- 
Omt Training t 
An Integration of 
Inforaation Procassing and 
Man-Machina Interface 
Perspectivea^ 



aiMtrwst 

Thi« •rticl* provldas an ovwrylaw of past r«March on training 
•mployMB for coaputMrnaMllatad «K>rk. RM«nt llt«r«tur« is r^vlMiwi «nd 
critically analyssd uaing * four-part fratMMork of individual diffarwicM and 
■kill aoquiaitiont aociodMographic factor*, abilitiaa and •otivation, tack 
coDMraiata and tlM ■an-tachaology iatarfaca. rurtlMriBora, a concntual 
friMMork ia outllnad for aaMaaing training afforta uaing four diiaanaionat 
iMming aatting, taaching aathod, duration of akill acquiaition and frmjuancy 
of training, aa nail aa oapputar orgonoodca. Tha nvim, of axiating raaaaroh 
indioataa that aoat atudiaa ara baaad on a narrow diaciplinary focua, tharaby 
ignoring important intarrmiing Tariab:.aa which might halp axplain laaming 
outooaoa. Savaral othar fundaMntal concama ragarding axiating raaaarch ara 
idmtifiad and diaeuaaad. ihia articla concludaa with projactiona for tha futura 
baaad on paat raaaarch and tha praaant raaaarch cliaata. 
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GoHpatttr Twlmology and Bud- 
User T!r£inlimt 
An Intagmtlon of 
InfozMtlon PxocMslng and 
Man-MBchlne Interface 

WwM pappla ifould disputa that it would hm a good idaa— ba£ora apanding 
Mivaral huadrad dollars on ski aguipMrnt, going to thm top of tha stMpast hill 
availablar pointing tha skis dowMard and pushing off— to taka a skiing losson 
(or two) • Training would prorida tha skiar with tha practical and thaoratical 
kaowladgar and tha confidanoa, that ha or sha naada to parfom wall on tha 
slopaa; training (a.g., ski lassona) bafora purchasing tha aquipmsnt would also 
aaaura pptisMl usa of tha as^ansiva gaar tharaaftar. Hhat assas solf-ovidant 
whan appliad to skiing should appaar aqually so idian appliad to tha snd-usar 
coaputar donain. Only through trainino can ajcpansiva inforaation tachnology ha 
sueoaasfully laplsisntsd» bacausa only training can prorida workara with tha 
skills and oonfidanoa naadad to snaura officiant conputar usa. 

Training in and-usar coaputing has davalopad rapidly during tha past two 
wadaai it is tha soana of auoh of fort and activityr and, as a consaqusncsr 
of nooh oontrorarsy and confusion, lapirical studios abound but ars ssldon 
liahad to eoncaptual sohMSs, typologias, or thaorias. Tha following is an 
attsapt to injaot seas ordar by rariawing currant issuas and saarging trsndsi 
(a) clarifying kay taras as typically usad in tho skills and training fiald; (b) 
pcasaatiag a eoncaptual fraaswork for assessing trainingi (c) surveying and 
critically avaluating rapraaanrativa studias according to tha schaaata providsd 
by spaoifically discussing rasaareh about acquisition of coavutar skills; (d) 
pras a nt ing rasaareh ia^lications and futura nsadsi and (a) providing implications 
for praetitionars. What distinguishas this rsviaw froa aarliar onas in tha araa 
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is th»t it trias to diMuss and intagrat* rasaarch fro«D a variaty of diaciplinaa 
•uch as cognitiva and aducational psychology, sociology, managanant and man- 
tMhnology studias (a.g., argonomics^) . Furthar, tha goal is to provida braadth 
of covaraga, without making tha raviaw axhaustiva — rathar, articlas wara 
•alactad for thair ability to convay tha stata of and-usar training rasaarch and 
to stioulata raadars' idaas for futura rasaarch and practica. 

Why ara answars to tha abova issuas important? Cooputar tachnology will 
•con ba ona of tha largast capital assat itams for many organizations (a.g., 
approxijnataly 30% of total capital assats In financial and sarvica firms, Zarlay, 
1988), and if tha company is to raap tha banafits of its huga financial 
invastmant, tha workfotca must possass tha nacassary skills to maka afficiant 
ttsa of tha naw coa^tar-basad tachxwlogy. Tha quastion must ba askadt What ara 
tha succaasful training stratagias for skill acquisition neadad to ansura 
afficiant computar-madiatad work by a firm's workforca? Koraovar, it is 
IjBportant to assass how individual diffarancas, physical anvironmant, workstation 
dasign or just simply tha man-tachnology intarfaca' could affact training 
affactivanass and, consaquantly, how wall and-usars will maka usa of naw 
tachnology. Answars to tha abova issuas will assist our attanpt to provida and- 
usar training programs which fit both individual and organitational naads. 



PART It A SHORT RIVIIW OP TRAINIMG ZSSOBS 
ZN Hm-USRR OOMPDTZIIG 

Dafinitions of -and-usar computing- (buC) and -skills- ara fundamental to 
any discussion of training. Aftar clarifiying thasa tarms, this saction will 
outlina a dafinition of computar skills. 

Broadly dafinad, KUC as ujad in this papar's context encompasses tha 
application of information tachnology (often a networked PC) by employees who 
do not nacaasariiy consider themselves to be computer specialists. Just as it 
ia possible for a person to be a competent driver without being a mechanic, 
today's end.user can have the required skills to make efficient use of the 
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various coivutar hardwara and aoftwara without nacoaaarily being a technical 
special iat. 
Definition of gkill 

It would be useful if «ie could provide the reader with a simple definition 
of skill, but the torm is not one which ia eaaily defined; indeed, analyata have 
been atruggling with ita meaning for decadea (aee Adams, 1987 for an extenaive 
hiatorical review). Recent theoriea of learning, however, provide one method 
of narrowing the term' a interpretation by convincingly pointing to a diatinction 
bet%ieen knowledge about somethino (declarative knowledge) anH knowledge of how 
to do eomethino (pcooednral knowledge) (Ackerman, 1987). 

To elaborate, thia ixulicatea that "akilla" encompaaaea such diverse 
activitiea aa akiing, typing, cooking a meal or doing a firm' a financial 
consolidation and inventory management uaing a computer and apecial aoftware* 
Ackerman (1988) argued that each of theae akilla ia aubaumed in a finite domain 
of behavioura* Moreover, he atated that auch rkill apecif icationa neceaaarily 
exclude a variety of non-motor learned behavioura, auch aa chemiatry problem 
aolving and abatract reasoning. 

A working definition of "akilla" muat be eatabliahed. Adama (1987) 
atteo^ed to do so in a recent review of human motor akilla reaearch, and for 
the treatment of akill acquiaition in thia paper, the three defining 
characteriatica aa outlined by Adams are uaedx He atated that "(1) akills are 
a wide behavioral domain in which behaviora are aaaumed to be complex. (2) Skills 
are gradually learned through training and (3) attaining a goal ia dependent upon 
motor behavior and proceaaea" (Adams, 1987, p* 42). 

Computer akilla > Theae could be defined aax Uaing varioua nmana of 
training, computer akilla are iearned 2)ahavioura naadad for achiaving daairabla 
performance levels whan doing job related tasks using ^ cooy^uter; achiaving 
aatiafactory parformanca hingaa firat upon attantional raaourca capabilitiaa 
(i.a. information procaaaing) and motor bahaviour by tha individual and, aacond, 
upon tha mix of declarative and procedural knowledge naadad to parform tha akill. 
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C<«pl«jt conputar-nMdiatad tasks rsquirs mors declarative knowledge than less 
ccMqplwc ones (e.g., data-entry) thereby raising the arount of tine needed for 
training to achieve satisfactory performance levels (Schneider & Fisk, 1982). 

The gatiftMlt for investigating skill development and enhancement in the 
cooputer-based technology domain is threefold: (1) Computer skills are 
necessary for efficient technology use by employees (Klein, Hall 6 Laliberte, 
1990); (2) More and more organizations and government agencies are spending 
vast amounts of money ou skill training in the end-user computing domain, hoping 
to facilitate the efficient use of information technologies (Leontief fi Duchin, 
1986; Panko, 1987); (3) Knowledge of tiSSl to promote efficiency in computer 
training and achieve rerults commensurate with investment is lacking, several 
researchers point out that the vast majority of literature in the training domairi 
is atheoretical in nature, and more conceptual work is needed (e.g., Campbell, 
1971; Goldstein, 1980; Nexley £ Baldwin, 1986). work beyond the field of 
information systama management (e.g., sein, Bostrom £ Olfman, 1987), such as 
cognitive and educational psychology (see Ackerman, 1987; Lapper 1985, Rhodes, 
1983 for extensive literature reviews) has been generally ingnored. These 
oversights will be addressed below in more detail. 

PARI 2t ABZLITHS, TBMMXm AMD SKILL AOQOISITICII 
Part 2 will first outline a three phase typology which has been used by 
cognitive psychologists to describe the learning phases a person may go through 
in training. Then, the ways skill acquisition is affected by individual 
differences and the task-technology interface will be discussed using a four- 
part framework (cf. Table 1). Finally, a conceptual framework for training will 
be outlined and past research will be reviewed as it applies to this structure 
(cf. Table 2). 

h Three -Phase skill Ar^m.jaitiQn TynalogY 

Recent research has stressed that gJtill acquisition is ordinarily a 
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continuous procoss consisting of progrossivo stagos which doscriba tho learning 

process (Adams, 1987) # and has cantrad on parcaptual laaming. Schnaidar (1985) 

propoaad a nodal in vhich parforaanca iaprovanants ara gainad by a shift of 

infomation procassing from a sarial to a parallel moda. Phasa 1 raqairas 

controllsd processing since all cognitive or attantional resources are required 

by the individual to comprehend and learn the performing of a yet unfamiliar 

task* Processing of two tasks occurs in serial fashion. According to Ackerman 

(1987) Phase 3 represents a situation in %^ich automatic information procassea 

are predominant. These processes are 

"characterized as fast effortless (requiring minimal cognitive 
resources), and unitised (or pcocmdnraliamd) in such a way that they 
may not be easily altered by a subject's conscious control; they may 
often allow for parallel processing with other information 
pcoceasing coorponants within and bet%ieen tasks." (Ackermani 1987) 

Phase 2 represents a combination of controlled and automatic information 
processes. While for certain portions of the task the individual haa developed 
fast and effortless parallel processing of information, other taak componenta 
still reqpiire full uae of cognitive resources. Thus, according to Shiffrin 
(1985), task performax^e is still sensitive to mamory and resource«load effecta. 

As implied by Adama (1987) and suggested by shiffrin' s (1985) model, 
training should help an individual to progreaa from controlled to automatic 
processing. To illustrate/ learning the required skills for solving calculus 
(financial acounting) problems first requires the acquisition of declarative 
knowledge to enable use of the necessary problem-solving steps to achieve the 
task objective. Once the individual understands the principles and concepts 
imbedded in calculus, ha or she will then have to practise this new skill. 
Controlled and automatic procesaing of information will be needed at this stage 
of the learning process (Phase 2) to solve the problems. After extensive 
practice (which will differ between individuala depending upon ability) the 
individual should be reaching Phaae 3 enabling automatic proceaaing when solving 
the problem, thereby increaaing work performance. Thua the problem-aolving task 
has essentially become an automatised akill being done efficiently and with 
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littl* effort (Adwraan, 1988, 1987). 

Bow do«s tlM abov* r«lat« to •nd-us«r conputing? For using a word- 
proc*asor or sprMdahMt affactivaly it is hopwi ths individual will pass 
through tha thrM laaming phasas, tharaby av«itually raaching Phasa 3 which 
anablaa automatic proeassing. Thus, raaching automatic procassing through 
training allowa x.ha amployaa to prapar* and axacuta rasponsas to skill damanda 
without conacioua raflaction. Thla ia whan tha monotonous rapatitiona of ailly 
smtancas or coomanda pays off and tha uaar'a fingar raaponda to tha lattar "a- 
or a cartain program maaaaga by automatically hitting tha corract isttar or 
function kay on tha kayboard. 

individual Diffaranoa. Man-T^ehnoioov Tnf r f aca and shill >ga.n.ttiQn 

Although both tha individual and tha organisation would banafit if 
training could apaad tranaition through tha thraa phaaaa of laaming, thia 
procaaa will dapand upon individual diffarancaa and tha man-tachnology 
intacfaca. Tha following aactiona will dascriba tha individual diffarancaa and 
tha man-tachnology intarfaca as outlinad in tha four-part framawork of Tabla 1. 
Tha framawork ia baaad upon Ackarman'a (1388) work but haa baan axpandad to 
apply to tachnology by, firat, adding tha individual'a motivation to laam aa 
an laqiortant variabla (cf, Lappar, 1985; Lappar 6 Ourtnar, 1989) and aacondly, 
aKpanding tha framawork with a fourth dimanaion, namaly, tha man-tachnology 
intarfaca. (Card, Koran & Hawaii 1983) 

8gff i 9dtB»ggtPhig giW9rt » Rhodaa (1983) raportsd that aga failed to 
account for mora than 10% of tha variance in par^^ormanca acroaa a variety of 
attitudinal and performance dimenaiona. Foaaum et al. (1986), reviewing the 
akilla literature, however, reported that older ampioyaea are more vulnerable 
to akill obsoleaoance becauae their laat formal training is likely to have been 
aome time ago; furthermore, older employeea aae a weaker linkage between 
iW>ving currant akilla and obtaining rawarda, ao have leaa incentive to 
upgrade. There are alao aignificant memory differencea between young and old 
ampioyaea. A atudy by craik and McOowd (1987) teatad the differencea between 
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young (av^rag* 20.7 ymmrm) and aldarly adults (avaraga 72.8 yaara) parforming 
cuad-racall and racognition tatta whila carrying out a choica raaction-tiM 
taak. Tha raaulta indicatad that thara waa a ral labia aga dacramant in racaii, 
iaading tha authors to concluda that oidar paopia parform mora pooriy on racaii 
tasks than thay do on racognitiion tasks. Rioicali roquiras mora procassing 
raaourcas and such rasourcas ara ganarally dapia'^ad as paopia grow oidar* 

Oandar may aiso affact skiii acquisition (cf. Tabla 1), and raasons for 
gandar diffarancaa ara always baing sought. For instancar Vollmar (1986) 
raportad that man's and woman's parcaptions of thair abilitias vary; man 
ganarally parcaiva thair laval of ability to ba highar than do woman, and tand 
to aaa thaaaalvas as mora instruaantal. Tha diffsrancaa in acadamic achiavamant 
racordad in Vollmar'a saispla may ba dua to woman's lowar opinion of thair 
abilitiaa, which laads than to axpact lass of thamaalvas. Praadman and Phillips 
(1988), raviawing tha litaratura daaling with gandar-baaad af facts, raport that 
many of tha diffarancas obtainad in numarous studias wara dua to woman having 
lowar axpaceanciaa than man for such things as caraars, salary, occupational 
achiavamant and training* 

Insart Tabla 1 about hara 

Abilitims and motivation . Dafining cognitiva and intallactual abilitias 
is a cooqplax and difficult task* Rumphrays (1979) suggastad that a broad 
dafinition of intalliganca should ba usad, and dafinad intalliganca as "tha 
rasultant of tha procassas of acquiring, storing in mamory, ratriaving, 
combining, comparing, and using in naw contaxta information and concaptual 
akillai it ia an abatraction". Humphraya (1979) producas avidanca which 
suggasts that intalliganca is bast maaaurad by uaing a oanaral intallactual 
abilitv factor (or g) and within any hiararchical matrix tha g factor (i*a* tha 
ganaral factor loadings) is likaly to ba largar and account for much mora 
varianca than tha various group factora* 

Vamon (1961) auggastad that tha g factor could Jba rasponsiJbia for 20 to 
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40 pmremnt of th» tofl Ttritae* obttinmd for « vri»ty of tbUity tMt«. 
BUM, g cepnMnts th« most ganaral «bllity, whil. g«n«r«l factors aro 

plaead Iommt in tha hlararchy (Aekorman fi Schnoid*r, 1985). B«s«d on thoir 
lltwatur* r*Ti«w, Aoterman and SchnaidMr (1985), a« wall as Humphroys (1979), 
suggMt that g is usually not raprossntad as a singl* ability but, instead, as 
a oonunality of procassas and bahaviours which ara partinant to any typa of 
intallactual task. 

Anothar factor influancing skill acquisition is oareapturl an— d ability 
(cf. Tabla 1). Wardalin and Stjambarg (1969) stata that -tha parcaptual spaad 
factor is a Masura of tha capacity to autcMtixa, by aaans of practica, tha 
solution of parcaptual problau, which hava originally dapandad on tha visual- 
P««»ptual factors - (p. 192). Tha third factor influancing skill acquisition 
ia tha parson's BiXSUfiBaSflS-ibUiSZ. A definition of tha tarn is as follows » 
"paycho«>tor ability raprasants individual diffarancas in tha spaad (and 
•ccuraey) of aotor rasponsas that ara charactaristic of psychophysical 
liaitationa of tha human subjact- (Ackarman, 1988). 

Tha final factor influancing skill acquisition is, of coursa, tha 
subjact 's BPtimten tirt Wrotrttn sg. Putting nora affort into laaming skills 
(a.g., Tia additional practica) can compansata for low ability. For inntanca, 
oattingar (1965) raportad that allocating insufficiant laaming tin* has a 
diract, nagativa affact on achiavaoant, whila Kaith (1982) raportad tha<- 
hoMwork has ccnpansatory af facts, i.a. tha low-ability studant who.spands ona 
to thraa hours par waak on homawork gats tha sama gradas as tha avaraga-ability 
studant who spands no tiaa on hooiework. 

Wantsal (1989) raportad that high-school studants with a high grada-point 
ay«raga (OPA) had imiltipla goals which inlcludad baing dapandabla and 
rasponsibla a. wall a. laaming and understanding things, whila avaraga and 
bal.-*» araraga OPA studants frequently pursued such goals as making friends and 
having fun. Uence, high expectancy on the part of the Individual as wall as 
parfoni»nce related goals should effect learning outcoMS positively (NatriaUo 
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6 MODIII, 1986). 

MotiTation and cognitive abllltlaa nay, hoMvar, hava diffarant af facta 
dapandlag upon tha typa of knowladga to ba acquirad. For inatanca, Kanfar and 
IVfflfttrff*'! (1988) raportad that giving goal aaaignaanta during laaming for 
p rocadural knowladga «9aa a»ra dyafunctional for tha loiiar ability atudanta, 
conTaraaly for tha daclarativa knovladga condition, goal aaaignmanta i#ara 
particularly banaficial for tha low ability atudanta an<l halpad tham concantrata 
on taak activitiaa. Thaa^ raaulta auggaat that tha traditional Managanant 
f raMwork, which l ac r— lanrta goal-aatting aa a naana of inproving job parformanca 
(a«g., Locka 6 Lathaa, 1984) doaa not nacaaaarily apply for akill acquiaition* 
Zn fact, goala may ba datriaantal to tha laaming procaaa whan individuala ttuat 
acQuira procadural knowladga and ara trying to achiava a laval of laaming which 
paraita parallal procaaaing of mora than ona taak (a«g«, moving a block of taxt 
(a column of numbara] within a documant (to anothar documant] and baing nn tha 
phona), thar^dy incraaaing thair work-apaad. 

Taak conatrainta ^ It ia hypothaaisad that incraaaing tha dagraa of 
poaitiva tranafar-of^trainino from pravioua axparianca allowa laaraara to 
coamanoa a taak at a auparior parformanca laval to novica laamara. ror 
inatanea, a akillad-typiat who ia phaaad with laaming a program upgrada (a«g«, 
a naw upgradad varaion of tha word-procaaaing aoftwara ha/ aha uaually uaaa) 
facaa limitad cognitiva damanda, ainca a tr^nafar of knowladga from uaing tha 
program pravioualy (tha "old" varaion) will occur. Tha baaic atructura and 
faaturaa (a.g., coamand kaya naadad to mova taxt) of tha upgradad varaion of tha 
program will probably ba tha aama aa uaad in tha pravioua varaioa, and thua 
familiar to tha uaar. Nonathalaaa, tha add-on faaturaa of farad in tha upgradad 
varaion of tha program will firat raquira tha uaa of cognitiva raaourcaa for 
undaratanding and procaaaing thia naw information, with aoma practica, tha 
individual will automatisa thi\ parformanca of job-ralatad-taaka uaing tha naw 
or CTh a n ga d program faaturaa, tharaby again raaching Phaaa 3 of akill 
acguiaition* 
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RMMTCh also ■hows that this lln* of rMsoning appliaa to mathMMtical 
problM aolTlng m For laatanea, Movick (1988) found that whan two 

■•^•••■■^^c*^ probla«B shara atructural faaturas but not surfaca faatvras, 
■pontanaoua poaitiv* tranafar is aora likaly In axparta than in novicaa. 

In mamm caana, bowarar, coaqputar tachnology mty ba uaad to radasign the 
•trvetura and raaponaibilitiaa inharant in a poaition, tharaby incraaaing taak 
g«Bitt j^» Thia in turn ineraaaaa tha daaMnd upon tha individual's cognitiva 
raaooroaa, tharaby limiting tha tranafar-of -training fron a pravioua job 
situation. Thua, laamlng may again atart in Phaaa 1. 

-*>«nitiva danuida during Phaaa 1 laaming ara similar to various dagraaa 
o£ taak conaiatancy. if eonsiata nev batwaan varioua job taaka or thair 
compoauita ia limitad, dasAnds upon tha cognitiva and attantional apparatua ara 
ittcraaaad (Ackaraan, 1988). Mora importantly, inconaistant taaka will maka it 
difficult to mova b^nd Phaaa 1. In si'ch an inatanca, tha -labour in vain" 
affact may occur, ao that incraasad practica doaa not substantially incraaaa 
parformanca (Malaon & Laonaaio, 1988). 

«*n-tachnoloov intarf^^ in thia contaxt includaa tha phyalcal work 
sod iMmlag avrlrnmiil (a.g., ambiant tamparatura, light, and colora) and 
ooa^tmr •rgoaamios' (a.g., daaign of of hardwara and sof twara) . For inatanca, 
Vicanta and Willigaa (1988) rsportad that using a graphical intarfaca, wnan 
aaarehing a hiaarchici. fiia systam on a cooputar, raducad witbln-spatial 
ability group variability in parformanca. Moraovar, Bgan and Gomas (1585) 
raportad that oldar individuala and paopla with low spatial mafflory hava mora 
difficulty in laaming a taxt aditor. 

Anothar factor to ba conaidarad ia tha laarning anvironmant. For 
inatanca, raaaarch has raportad that whila woman prafar an ambiant tamparatura 
of 24- Calaiua man prafar 21» Calaiua for working or laaming (Bllis, 1984). 
Moraovar, Roaanfiald, Lambart and Black (1985) raportad that studants aaatad in 
circlaa angaga in aignif icantly mora on-taak bahaviour than thosa saatad in rows 
or clustara. Training or classroom anvironoanta which ancouraga group le^urning 
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or te-asphasis« thm diaper 8 ion of roport card grados also raduco tha parcaivad 
diaparaion of ability lavala by pupils (Hac Ivar, 1988), and co-oparativa 
laaminij anTironaants incraaaa tha atatus of faoiala studants (Johnson, Johnson 
a 8tanna, 1986). 

Anothar important factor, as a trainaa with pravious computar axparianca 
aay banafit from tranafar of laaming whila a novica may not, is tha usar's 
akill laral (Kalaon a Laonasio, 1988)* Lanterti and Nawaoina (1989) comparad tha 
spaad and accuracy of high-skill and loi#-slcill progrsnsars whan laaming an 
axpart syataai using abstract or concrata information* Tha rasults indicatad 
that high-slcill subjacts parfomad battar on quastions raquiring abstract 
information organisation than novicaa, whila tha lattar parformad battar on 
quastiona raguiring concrata information organisation using tha axpart systam* 

Tha man-tachnology intarfaca in conjunction with task constraints, 
abilitias and motivation of tha individual, and sociodaaiographic factors all 
profoundly affact tha aUll acquisition procass (saa alao Tabla 1)* Hanca, a 
aucoaasful training stratagy must taka thaaa factors and thair intarralationship 
into conaidaration (cf« Lappar a Ourtnar, 1989). 
A Coneaptun rriMTrgr^g CQMPutar Skills Training 

To mova from controllad procaasing to a mix of controllad and automatic 
procaaaing, or to sblaly automatic procassing whan doing a taak raquiring 
computar sUlls, can ba accomplishad only through practica and training. Tha 
laaming anvironmant and tha taaching mathod uaad may ba othar important 
variablaa influancing akill acquiaition and laaming outcomas. Tha following 
sactiona will daacriba tha training procass as outlinad in tha concaptual 
framawork of Tabla 2. 

Laaming aattino . Various laaming sattings ara baing uaad to taach 
cMVutar sUlls (cf • Tabla 2) whila comparisons of thair raspactiva faasibility 
for acquiring diffarant skills hava not baan axtanaivaly tastad* Baaad on our 
aarliar diacussion aach satting saama to hava cartain advantagas which, dua to 
spcca limitations, cannot ba diacuaaad fully hara« Claaaroom taaching may ba 



CpmputT Tmchnology mnd Skill Acqulmltioa 



14 



uMd to fmcilitat* thm acquisition of d«clarativ« knowl«dg« in tho lourning 
process whilo tlui laboratory (a.g., coovutar lab or flight ainiulator) should 
faoilltata th* individual's prograss ir o Phaaa 2 of tha skill acqusition 
prooass (aiiMd cognitiva and autonatad procassing of task ralavant information) 
(of. Oattikar, 1990; Kanfar a Ackaraan, 1989). 

On-tha<-job training may ba usad to halp tha individual furthat practica 
nmly acqpiirad skills, tharaby attaining a laval of automaticity in parforming 
job-ralatad-taaka. fox an organisation, a combination of classroom, laboratory 
and on-tha-job laaming may ba quita likaly. Howavar, rasaarch using thasa 
laamlng aattings and tasting thair affact upon laaming parformanca is non- 
axiatant for all practical purposas (Burka a Day, 1986). 

TiiChiM at^h94« Aa Tabla 2 indicatas, numarous taaching mathods ara 
baing uaad to train studants and amployaas. For instanca. Hall, Rocklin, 
Danaaraau, skaggs, O'Donnall, Labiotta a Young (1988) invastigatad individual 
dittmrmxiGmM in tha racall of procadural and structural/functional information 
in situations in which studants atudiad in dyads (cooparativa laarning) or 
alona. Tha rasults showad that studants who studiad togathar racallad 
significantly mora than did thosa who studiad alona. Dossatt and Rulvarshorn 
(1983) raportad th^t lass abla individuals profitad from paar training via 
computar-aidad instruction (CAI), whila highly abla studants wara kapt back whan 
this taaching mathod was usad. 

Bvan though naw tachnology such as vidaos and CAI hava bacoma vary 
popular, tha vardict as to whathar thasa mathods actually incraasa taaching 
affactivanass is not yat in. For axampla, Hativa (1988), using a longitudinal 
daaign, raportad that CAI and practica in arithmatic widmnad tba gap batwaan 
high- and low-achiaving studants. Additionally, a mata-analysis of managarial 
training studias raportad that whan looking at laarning outcomas, tha 
bahavioural modalling approach still saamad to ba tha most succasaful training 
mathod whan ccnparad to othars such as CAI, paar training and salf study (Burka 
6 Day, 1986). 
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DiiratioB nd frmasxmnev of ■kill acquisition ^ hm outlined •arliw, 
litttratur« suggMts thBt for MlatiT^ly complu tasks nors than four hours of 
training and skill practics is nssdsd to olimininata p«rfor»ancs diffsrsncss 
bas«d on on individual's cognitivs rssourcss (Acksrman, 1988) • Kuch of tho 
organisational and oducational training litaratura raportSr hoMvsr, ara on 
studias vhicb ara of vary short duration, whila only a faw invastigations dona 
in aduoational institutions dascriba ajcparimants with a duration of mora than 
a waak (a.g., Oattingar, 198S; Xaith, 1982). 

Litaratura «#ould alao suggast that an intarmittant approach to training 
appaars oora fruitful than a continuous ona* Intarmittant training givas tha 
trainaa tha opportunity to practica nawly acqulrad skills, tharaby attaining a 
highar laval of automat icity. Tha amount of tima naadad to improva parformanca 
will dapand upon tha individual's motivation and axpactancy as Mil as ability 
(••g*r g factor). Intarmittant training allows tha individual to taka tha 
nacassary tima batwaan sassions to do tha assignmants tharaby individualizing 
tha laaming procass (Kinanar 6 Paar, 1990). 

Comptttar arooncaiics ^ Softwara as %#all as hardwara can af fact tha laaming 
of a studant. For instanca, aya strain and postural complt.ints can rasult from 
visual-display-tarminal luminanca, oscillation dagraa, faca and lagibility of 
charactars and kayboard dasign (Fallmann, Briuningar Giarar fi Grand jaan, 1982). 
Ostbarg, Shahnavas and Stanbarg (1989) comparad tha lagibility of a singla- 
colour display with dark charactars on a whitish background (positiva polarity) 
with tha lagibility of an IBM PC colour monitor on which blua charactars %#ara 
praaantad on a dark blua^gray background (nagativa polarity). Thay found that 
tha IBM PC colour monitor had a significantly lowar lagibility than tha standard 
display. Doing a word-procassing taak, tha rasaarchars found that subjacts 
using tha IBM monitor mada mora raading miatakaa and charactar confusions than 
tha subjacts using tha singla-colour diaplay. 

Softwara argonomics may alao affact laarning. Studiau show that, for 
instanca, spraadshaat calculation ayatams ara mora aaaily laarnad if formula 
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txm^m mrm kmpt siapl* (SmtHuom 6 8ajanl«ml, 1989) • Having a "mous*"* and/or 
Mim always pr«Mnt during training incraasas tha maan taak complation tiiaa of 
tnaaa aubjacta coivarad to sub j acta who had naithar condition availabla during 
laamlng (DaTiaa, Lambart 6 Findiay, 1989). Convaraaly, having apacific 
intaraotiva aoftwara coonanda can furthar ahortan tha tima raguirad for akill 
acquiaition for a naw aoftwara packaga (Barnard, Haanond, MacLaan £ Morton, 
1982). 

Aaothar iaaua ia namaa uaad by a computar program for naming filaa and 
comaanda. Carroll (1982) coo^ad "congruant" with laaa congruant coamand 
languagaa for aoftwara paekagaa. Carroll (1982) dafinad a languaga aa baing 
congruant if "functional ralationa batwaan coamand dafinitiona ara mirrorad in 
atruotural ralationa batwaan coomanda". Hanca, robot camiianda to gat tha 
tachnology to raiaa and lowar ita arm ahould hava namaa auch aa up/down or 
'•^/'^•^ inataad of up/lowar and raiaa/down utiLch Carroll (1982) conaidarad 
to rapraaant ingongruant command languaga. Hia data indicataa that tha laaming 
and uaing of f ilanamaa and coiaBanda ia f acilitatad if thair linguiatic forma ara 
atructurad to raflact functional intarralationa batwaan thair rafarancta (i.a. 
thay ara congruant). Similarly, Barnard, Haaomond, HacLaan and Morton (1982) 
raportad that taxt-aditing aoftwara uaing aamantically apacific coonand tarma 
allowa tham to ba laamad uaing laaa halp functiona, thua raducing tha training 
tima naadad. 



nXX 3 s CQMFOm SKILLB AOODISITIGHs 
CHBLLnOBS AMD QPPUKTUnTIBS 
Part 1 outlinad a dafinition for coaqputar akilla whila Part 2 achamatizad 
how individual diffarancaa and tha man-tachnology intarfaca affact akill 
acquiaition (cf. Tabla 1) and outlinad a concaptual framawork for computar 
akilla training (cf . Tabla 2) by raviawing litaratura in aducation, argonomica, 
managamant, aociology, and paychology. 

Part 3 diacuaaaa raaaarch about training in tna fiald of and-usar 



17 



Cfi^pitt^r Technology «ad Skill AequiMJLtJLon 17 

ooapating. Thm ttarM«-part framMork (cf . T«bl« 1) and thm conceptual fraiamork 
for training (Tablo 2) outllnod oarllor will provldo tho n«eossary structuro for 
roTlming tbm lltoratura. In oach of tho aubsoquont aoctlona, tho lltoraturo 
In tbm md-user cooputlng and training donain la axaainad, folloiMid by an 
aaaoa— nt of tha limitationa of pr«vioua raaaarch. In auanary, tha following 
aactions will ahow that raaaarch about coosputar akill acquiaition haa thraa 
■ajor charactariaticas 1) af facta of taak conatrainta upon akill acquiaition 
ara largaly ignoradir 2) naithar tha af facta of duration of akill acquiaition nor 
fraquancy of training 'a af facta upon laaming and parfomanca hava baan 
inraatigatad, and 3) Mat raaaarch ia dona in educational rathar than 
organiaational aattinga. 

individual Diffarancaa. Tachnoloov-Taak Intarfaca and Computar Skill Acquiaition 
Paat raaearch haa invaatigatad tha affacta of gandar on laaming and 
cooputar akill acquiaition. For inatanca, Johnaon, Johnaon and stanna (1986) 
uaad aighth grada atudanta in thair atudy, and raportad that girla did battar 
in a cooparativa laaming anvironmant than a coopatitiva ona during computar 
akill acquiaition. rurther, Andaraon (1987) raportad that high achool famalaa 
parforMd bettar than malaa in problam analyaia whan it cama to cartain 
prograoBing taaka. Oiat, Aoaan and Schwoarar (1988) raportad that oldar 
trainaaa (ovar 45 yaara) axhibitad aignif leant ly lowar laaming parformanca than 
youngar trainaaa (avaraga •20.7 yaara) whan acquiring computar akilla in thair 
four hour training program. 

Oattikar (1990) reporting on a aariaa of atudiaa with managamant atudanta 
in an undergraduate univeraity courae, concluded that lower ability atudanta 
««are able > tranafer practice effort into higher learning performance when 
acquiring p4^ocadural computer akilla. The data alao indicated that tranafer of 
learning from a pravioua computer couae, taught by the computer acience 
department, had a aignificant effect on leaming for high ability atudanta, whan 
acquiring declarative knowledge, but not for procedural knowledge (cf . Ackerman, 
1968). 
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Krgonomica can also affacc th« studant's p«rc«ption of a computar and his 
or IMT ■otivation to laarn about tha maehina. For instanca, ccoputars may ba 
parealvad as having cartain paraonalltiaa and thus affact usar cotn>atlbility. 
Panroaa and Saiford (1988) raportad on a study coovarlng tha parcaption of Appla 
Xaelntosh cooputars vwrsus IBM PC or XT by usars and non-usars of aach maehina. 
Oooparing usars' and non-uaars' parcaptions of tha two typas of cooputar 
ravaalad that tha Macintosh was parcaivad as aasiar to usa, happiar, lass 
aspanaiva and aora ^rsonal whila tha IBM PC saana mora tachnical, formal, 
axpansiva and profassional. Tha data also indicatad that Mac usars nay ba ba 
■oaawhat mora opinionatad and xaalous in thair support of tha Macintosh and 
thalr antagonism toward IBM, than ara IBM usars about thair machinas and toward 
tha Macintosh. Panroaa and Saiford 's (1988) study suggasts that tha computar's 
and uaar's parsonalitias must ba takan into considaration whan dasigning 
prograu and writing documantation for tha usar. A uaar prof ila may, tharafora, 
support an affactiva man-tachnology intarfaca. 

Fqfntial limitations in n*«t raaa*reh. ' Although tha abova raviaw is 
dafinitaly not complata, whan takan togathar with tha concaptual framawork 
outlinad in Tabla 1, sararal waak spots in skilj. acquisition rasaarch in tha 
and-u8«r computing domain can ba idantifiad. Pirst, wa wara not nbla to locata 
raaaarch which assassad tha affact of pareantual . paad ability or psychomotor 
JbUltZ upon laaming parformanca. Anothar araa of concarn is that tha 
litaratura doas not idantify tha laval of complaxity of tha skills to ba 
acquirad during tha ccmputar training. As pravious sactions in this papar hava 
shown, howavar, parforming afficiantly whan doing compiax tasks doas raquira 
mora training. Thus, accoavlishing phasa 3 (automatic procassing) may ba a 
langthy procass if tha subjact has to parform compiax tasks. 

^ ^•vl of tMk eoHBit^nyy af facts tha individual's parformanca 
whan laaming computar-madiatad tasks (cf . Tabla 1) is also raraly rasaarchad. 
Tha highar tha consistancy (a.g., antaring ordars takan over tha phona into tha 
computar varsus daeision making), tha aasiar it will ba for tha employes to 
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aoqalrtt thm spMd nMdad to parform thm task by autoMting aoam cognitive 
procMMS (Ackarman, 1987) • Noraovar, a racant raviaw of this litaratura 
conoludad that past atudiaa hava ganarally, with aooia notabla axcaptiona, (a«g«, 
Cralk 6 HcOowd, 1988 1 Gist, Rosan 6 f.chiioarar, 1988) concantratad on youngar 
(balow 30 yaars of aga) subjacts without assassing tha potantial affacta of aga 
on laarning* Additionally, rasaarch has still failad to axplain tha causa of 
gandar-basad diffarancasi soma litaratura suggasts that thasa laaming 
diffarancas may ba dua primarily to dif farant socialisation procassas for aach 
gMdar (a*g«, Vollmar, 1986; Jacklin, 1989) and not to such factors as 
intalliganca and ability (Euaqihrays, 1979)* 

Tha lack of rasaarch daaling with tha man^tachnology intarfaca and 
laarnliig is mora disturbing than othar onmissions. JQthough imich rasaarch has 
baan publishad about human-computar intaraction and how paopla laam cartain 
aoftwara programs # such rasaarch is usually not linkad to tha vast amount of 
litaratura daaling with training and laaming in othar fialds (Kitajima, 1989) • 
For instanca, wa wara not abla to locata rasaarch which daalt with tha affact 
of tha potantial intarralationship of individual diffarancas and computar 
argonomics upon laaming parformanca. 

Anothar concarn which must ba mantionad is that past litaratura has 
usually uaad novica laamars whan tc Jhing computar skills. Howavar, rapid 
changa in computar hardwara and aoftwara can laad to skill obsolascanca unlass 
training providing skills upgrading is of farad to tha and^-usar* It is probabla 
that task constraints and tha man«-tachnology intarfaca (saa also Tabla 1) may 
raqulra dif farant taaching mathods and laaming sattings for tha high-skill uaar 
in contrast to tha novica (a«g«, Malson 6 Laonasio, 1988). 

A furthar concara is how tha intarralationship of inditridual abilitias, 
motivation and aoftwara argonomics may affact laaming. This is still largaly 
unknown and rasaarch is non-axistant for all practical purposas. To illustrata 
thia# how aociodamographic factors may intarralata with %fork and laarning 
anvlronmant naads (a«g*, light, VDT display and aoftwara command structura) ia 
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not known. RaMarch which indicates that a rastriction of program faaturaa 
halpa novica laamara whan acquiring naw akilla naadad to uaa tha aoftwara ia 
halpful (a.g., Carroll & Carritbara, 1984 )| howavar, raaaona and axplanationa 
for thaaa raaulta auat ba givan to advonca our knowladga and undaratanding of 
l a a m i n g procaaaaa in tha IOC domain. 

Tabla 3 praaanta a daacriptiva taxonooy of raaaarch, in aducation and 
training aa wall aa induatrial paychology and argonoodca, daaling with tha 
aodarating variablaa aa idantifiad in Tabla 1 and thair potantial affact upon 
akill acquiaition. 

Inaart Tabla 3 about hara 

Tabla 3 rapraaanta a auamary and indicataa that, firat, limitad croaa 
faading and intagration of raaaarch raoulta ia occurring batwaan work in 
aducation and training and work in induatrial paychology and argonooica. 
Although both raaaarch atraama ara angagad in tha araa of aociodamographic 
factora, and thair potantial affact on laaming, thara ia littla if any 
collaboration bat%iaan tha two atraama (a.g., aa avidancad by tha lack of 
citationa from tha othar body of litaratura.) Sacondly, whila induatrial 
raychology and argonomica hava concantratad on tha man-tachnolog^ intarfaca, 
aducation and training apacialiata hava raaaarchad tha af facta of motivation and 
axcpactancy and, to a limitad axtant, tha influanca of taak conatrainta upon 
akill acquiaition. Whila ona affact of ability upon computar akil} acquiaition 
haa baan largaly ignorad, naithar of tha two raaaarch thruata intagrata or 
ovarlap to a aubatantial dagraa. Thia would auggaat that our knowladga about 
tha modarating variablaa' diract and intarmadiata affact (through 
intarralationahipa) upon computar akill acquiaition ia limitad and mora raaaarch 
ia naadad to cloaa thia knowladga gap. 
Training Factors mnA noatiutar flklll Acgui^lfclon 

Raaaarch about training and akill acquiaition in and-uaar computing haa 
flouriahad within tha laat dacada (Habanatrait, 1985), Navarthalaaa, aa tha 
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diacussion b«loi# will shon, most r«MArch can hm classifiad into ona or t%io 
araaa (cf • Tabla 2) tharaby naglacting othar araaa which raquira study in ordar 
to advanca our lialtad knowladga* 

Tha following sactiona will basically ra^aal thraa intaraating facta by 
uaing tha fraaawork outlinad in Tabla 2s (1) In moat atudiaa tha fraquancy of 
training ia continuoua (a.g., avary working day during ona waak); (2) noat 
training afforta sxm short tarmi and, (3) vary raraly is mora than ona taaching 
■athod uaad, which doaa not allow for comparison batwaan mathoda and laaming 
out comas ♦ 

Laamino aattino , Wa could find only a faw atudiaa which apply cognitiva 
and training concapts to tha domain of and-uaar computing and akill acqusition 
in an oroaniaational aattino using high-skill amployaaa. In aoma tachnology 
atudiaa, coispular training ia traatad as ona of many iaauaa* For axampla, 
Bikaon, Outak and Mankin (1987) raportad that classroom aattinga wara raraly 
uaad to train amployaaa for computar skills. Instaad, tha majority of training 
waa givan on-tha-job. Most rasaarch about computar training is, hoMvar, dona 
in laboratory or aducational aattinga (a«g«, univarsitiaa) , aa ia tha caaa in 
tha training and aducational litaratura raaaarch outlinad aarliar in thia papar. 

Bayman and Mayar (1988) raportad on a atudy using a laboratory aatting to 
taach Baaic, whila Andaraon (1987) raportad on a classroom sotting usad to taach 
Baaic. Oattikar and Paulson (1987) raportad data using both tha classroom 
(mostly to taach daclarativa knowladga about Basic) and a laboratory aatting (to 
taach proeadural knowladga about Baaic uaing tha computar). Tha lattar atudy 
indicatad that lowar ability atudanta wara mora abla to cloaa tha parformanc^ 
gap whan laaming proeadural knowladga, sinca practica incraasad tha 
automatioity of aolving taalca uaing tha Baaic programming languaga (a.g., 
Oattikar 6 Paulaon, 1987). 

Taaching mathod . Payman and Mayar (1988) praaantad data which auggaata 
that atudan'-.a laaraing Baaic computar programming with a mathod amphaaizing tha 
undarlying aamantica (a«g«, concaptual modala) davalopad tmamr miaconcaptiona, 
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and pwrfocBMd b«tt«r on tranafor toata of progranning akilla than thair 
collaaguaa taught with a manual «q>haaizing tha languaga'a ayntactic faaturaa. 
Oiat, Roaan and Schtioarar (1988) raportad that computar-aidad-inatruction (CM) 
*«a laaa halpful than bahavioural nodal ing (i.a. aubjact obaarvaa inatructor 
doing tha taak on tha cooputar firat and than triaa to do it hin or haraalf 
uaing tha coavutar) in cooputar akill acquiation. 

Oattikar (1990) raportad that tha parfomanca xaparaion batwaan ability 
groupa waa amallar whan uaing tha handa-on laboratory aatting, which raquired 
atudmta to apply thair akilla uaing tha computarr than whan uaing a claaarooa 
aatting to taach computar akilla. Tha litaratura diacuaaad hara auggaata that 
a banda-on taaching approach, uaing tha bahavioural modaling tachniqua, may ba 
mora banaficial for lowar-ability atudanta than othar taaching mathoda. 

PMltign Of akill acmif Itlon »nd fraou^ngv o f tralnina . oiat, Roaan and 
ScfaMoarar (1988) raportad on a atudy which taught Lotua (apraadahaat aoftwara) 
to paopla of varioua agaa. Tha duration of training waa limitad to 
approxiaataly thraa houra and ona tlma block waa uaad. in contraat, Barnard, 
Haaw»nd, MacLaan and Morton (1982) uaad intarmittant training (two aaaaiona - 
two waaka apart) to taach individuala intaractiva cooanda for taxt-aditing 
aoftwara. initial training waa limitad to a coupla of houra. 

I ad (1985) uaad 40 minuta axparimanta to taat how tha affact of cooputar 
graphica and thair uaa may ioprova aatimataa to algabra work problaoa. vicanta 
and Willigaa (1989) raportad on a atudy in which, during an axparimant, 
individual diffarancaa wara accoooodatad whan aaarching a hiararchical fila 
ay tan by providing a graphical intarfaca. Sub j acta wara givan 2.5 houra of 
training to laam tha ayatao whila Daviaa at al. (1989) providad novicaa with 
40 alnutaa of training to laain a taxt-aditor bafora aaaaaaing tha aubjacta 
laaming parfomanc*. m auooary, atudiaa daaling with duration and fraquancy 
of akill acquiaition ara ganarally limitad to Uaa than four houra of training 
and intarmittant training ia raraly uaad. 

ftaWttr fgq gnaBlsa. cooputar argonooica hava baan ahown to affact 
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iMrning outcoMs. For instanc^i pr^s^nting abstract inforaation about a 
problw to hm aolvad with tha halp of tha cocvutar raducaa parformanca by iom- 
ability individuals, i^iila parfomanca incraasas on concrata information 
organisation (Lanbarti 6 NawsooM, 1989). Othar raaaarch indicatas that 
difficulty in la ming and rasMbaring tha coonand vocabulaary caadad to 
coasunicata with a computar-baaad information ayatam can ba raducad if 
aamantically apacific tarma ara raquirad to usa cartain aoftwara (Barnard, 
Baasi»nd, NacLaan 6 Horton, 1982). 

Lagibility of viaual diaplay acraana ia anothar factor which ahould 
facilitata laaming and raduca haalth complainta (cf. Fallmann, Briuningar 
Oiarar 6 Grand jaan, 1982; datbarg, Shahnavas ft Stanbarg, 1989). Craad, Dannia 
and Mawataad (1988) raportad that diaplay ing a paragraph of taxt for proof- 
raading with viaual-diaplay unita waa prafarrad by aubjacta and lad to incraaaad 
accuracy, although tha Rpaad waa somawhat raducad. Tha faw atudiaa mantionad 
hara indicata that thara ia a growing awaranaaa that argononica can affact tha 
man-tachnology intarfaca and laaming. 

Potantial n-i^rtUnt in P^«t raaaarch. Tha moat intaraating phanonanon 
about training in and-uaar computing may ba that moat atudiaa do not raport an 
assaaamant of training mathoda in organisational sattinos uaing anployaaa aa 
aubjacta, and comparing novicaa with high-akill uaars. Instaad, atudanta ara 
oftan baing paid a amall faa for participting in laboratory atudiaa (a.g., Raad, 
1985 1 Vicanta 6 Willigaa, 1989). Hanca, tha aampla may not ba rapraaantativa 
of tha largar population (a.g., motivation to participata and aga diatribution 
of aampla, cf. Tabla 1). 

Moat training ia of abort duration (up to approieimataly four houra) (a.g., 
Bayaan & Nayar, 1988; Daviaa, at al., 1989). Ia thia aufficiant tima for paopla 
to acquira an undaratanding of tha program and taak raquiramanta (Phaaa 1)? 
Moraovar, did thay hava anough tima to improva parformanca, apaad and accuracy 
through practica (Phaaa 2), or to automata aoma akilla to raduca tha cognitiva 
raaourcaa raquirad to parform cartain t.aaka afficiantly (Phaaa 3) (a.g., Bayman 
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6 Hmytf 19881 olst, RoMn 6 8chtfO#Mr, 1988)? 

It SMU that thm aboT« questions oust bm ansMr^d nagativaly for ••▼•ral 
raasona. rirat, atability of p^rfonanca b^twMn aubjacta ia attainad aftar tha 
first thraa houra of training on ralativaly aioqpla cognitiva taaka only. Sinca 
laaming conputar akilla (a.g., hrxdwara and varioua aoftwara auch aa a taxt- 
aditor for a PC) ia a cooplax taak, additional houra ara naadad to nova an 
indlTidual bayond PhMa 1 of akill acquiaition (cf. Ackaraan ft schnaidar, 1985). 
Saeondly, noat atudiaa hava not diffarantiatad batwaan daclarativa and 
procadural knoitladga. a particular taaching nathod, in combination with 
diffarancaa ia tiaa apant practicing, aight ba icora auitabla for acquiring 
aitbar typa of knowladga (i.a. daclarativa varaua procadural). 

Anothar araa whara mora raaaarch ia naadad ia tha potantial affacta of 
intarmittant varaua contlnuoua training on computar akill acquiaition. Hoat 
atudiaa usa continuoua training ovar a abort pariod of tima, which doca not 
anabla tha aaaaaamant of affacta on laarning of auch intarvaning variablaa aa 
notiiration and tiaa apant practicing nawly acquirad akilla. A final concam 
may ba that in moat caaaa, unfortunataly, ona, or poaaibly two taaehlna m^j^hoda 
ara uaad and comparad for thair laaming outcomaa in only ona laaming aatting 
(a.g., claaaroom or on-tha-job aatting). Inataad mora atudiaa ara naadad 
aasaaaing nora than ona taaching mathod and comparing laarning outcomaa avolving 
out of at laaat two diffarant laarning aattinga (cf . Lappar, 1985; Snow, 1986). 

Tabla 4 rapraaanta a aummary and indicataa, onca again, limitad croaa* 
faading and intagration of raaaarch raaulta ia occurring batwaan work in 
aducation and training and induatrial paychology and argonomica. Nonathalaaa, 
both araaa hava invaatigatad tha affacta of laboratory aattinga and bahavioural 
modaling, aa wall aa continuoua training, upon computar skill acquiaition. 
Sacondly, whila induatrial paychology and argonomica hava concantratad thair 
rasaarch afforta upon computar argonomica by looking at hardwara and aoftwara 
daaign affacta upon computar akilla acquiaition, aducation and training hava 
primarily focuaaad on tha laarning aatting and taaching mathod 'a affacta upon 
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Qompatmr skill acquisition (cf« TAbl« 4)« 

Insert '^Abltt 4 about horo 

As Tabla 4 suggests, Mith«r of^tto two r«ssarch straams has invastigatad 

duration and fraquoncy of skill acqusition bayond continuous training* 
Moraorar, our knowladga about tha intarralationships batwaan tha modarat^Jig 
▼ririablas and coavutar akill acquiaition ia limitad and mora raaaarch 
intagrating thm findings froa both rasaarch thruata ia naadad to advanca our 
knoifladga. Laat but not laast, raaaarch about coev»tar akill acquiaition ia 
oftan not linkad to tha largar iaauaa of training aa outlinad in Tabla 2 but, 
inataadr haa a narrow focua without much ralation to tha akill acquiaition 
domain in ganaral. 



PART 4t O0HCLU8IOIIS AMD PROJBCTIOHS fOR THB FDTORS 
Training and-uaara to acquira tha nacaaaary akilla naadad to par form 
af f iciantly with naw cooiputar-baaad tachnology ia aa fundamantal a topic aa any 
that axists in human raaourca managamant* Thia raviaw triaa to provida an 
ovaryiaw of aooa of tha idaaa and raaaarch that ara ralavant to an undaratanding 
of tha procaaaaa and dimanaiona involvad in a cootprahanaiva training achama for 
acquiring computar akil *a in many work aattinga* Claarly it ia not axhauativa* 

part 1 outlinad tha ic3uaa ancountarad apacifically in and-uaar training 
and a dafinition of coo^tar akilla waa da'<ralopad. In Part 2, a thraa phaaa 
typology for da^cribing tha laaming phaaaa a paraon may go through in training 
waa outlinad* Alao diacuaaad waa a four-part framawork for individual 
diffarancaa ta wall aa tha man-tachnology intarfaca and thair potantial affact 
upon akill Acqui.sition (Tabla 1) * Laatly, a concaptual framawork for 
tachnology-inducad training waa praaantad (Tabla 2)* 

Part 3 raviawad tha litaratura uaing tha fraiaaworks davalopad* Tha raviaw 
indicatad that training rauaarch in and-uaar computing tanda to avoid daaling 
with individual diffarancaa and taak conatrainta* Svidanca waa providad to ahow 
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that a dlitiurtion b«twMn acquiring fiEa£ldStf*iJsn2J£l*3flt (how to do soMthing) 
daelarattv knawlada^ (knowladga about satMthing) is vary raraly mad« by 
raaaarch daaliag with co^putar skills acquisition. Noraovar, itaithar 
organisation-baaad training af£orts nor a distinction batwaan continuous and 
training ara studiad anough, tharaby laaving this f laid wida opan 
for additional r^saarch. 

laolicationa for reh. what infarancas can wa draw from past trands 

and tha praaant rasMrch cllMta to projact diractions for rasaarch? Tablas 3 
and 4 outlinad how two diffarant bodias of litaratura hava invr igatad tha 
eemgntrnt skills ocqusition and training doaain. 

Thara ara sararal ways of gatting to tha cora of tha and-usar training 
challanga and advancing our knowladga by using our prasant stora of idaas and 
Mthodst 

1) It should ba undarscorad that thara is littla, if any, 
intardiaciplinary collaboration batwaan aducation and training rasaarch on tha 
ona hand, and industrial psychology and argoncmics on tha othar (saa also Tablas 
3 and 4). This is unfortunata, as aach discpliaa contributas naeassary but 
insufficiant insight. Tha bodias of rasaarch raviawad hara of tan axist in 
splandid isolation from ona anothar. Interdisciplinary rasaarch would 
contributa graatly to tha undarstanding of this ioportant araa of inquiry. 

2) Although tha rasaarch oust continua to axamina various ccm^nants and 
altamativa training stratagias, it will mova forward mora affactivaly if (a) 
tha rasa^h about training for computar litaracy is basad within tha largar 
training fraMwork of such disciplinas as nanagarial training, aducation and 
cognitiva psychology, (b) both short- and long-tam trainins affacts upon 
laaming outcomas, ara invastigatad, diffarant taaching mathods and laaming 
aattings ara usad and comparad for laaming outcooias, and (c) a mora thaoratical 
and cuaulativa focus is adharad to. 

3) Hodarating variables • affact upon learning outcomas, such as 
continuous vs. intarmittant training, laaming axpactancy and motivation and 
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nan-taohnology Interface OMds study* Such r«sssrch will h«lp in dssigning 
training programs which bost fit tha naads of norlca and high-skill usars, 
tharaby iaproylng laaming oatcooMs and tha affactiva usa of tachnology for 
CQSvutarHDadiatad job ralatad tasks* 

4) Dual-task procassing in tha lUC domain must ba assaasad to incraasa 
our knowladga about tha computar skill acquisition procass* Such positions as 
tha ona of a mail-ordar dark, whoaa dual*task is to communicata with tha 
computarisad ordaring systam at tha sama tima as ha or aha is taking an ordar 
ovar tha phona, should ba studiad to tast how much automation and parallal 
procassing of tha t%io job ralatad tasks (i.a* taking tha ordar ovar tha phona 
and antaring it onto tha computar systam) is actually happaning, and whara and 
why saquantial procassing may pravail* Such atudias will (a) incraasa our 
knowladga about how axtansiva training halps in prograaaing through tha thraa 
laaming phasas aa outlinad by Ackarman (1988), (b) taat and axtand tha 
ganaralisationa about tha controllad and automatad procassing nada in tha f laid 
of parcaptual laaming, and (c) show how intarfarancaa (a*g. , customar talking 
on tha phona) may raduca procassing spaad whan parforming a dual-task using tha 
computar (a«g«, antaring tha ordar onto tha computar systam). 

lapliestiuns for training soscislists and manaoinsnt oraetica. Although 
computar training is a divaraa fiald, oiaking ganaralixation somawhat difficult, 
tha following imprass us as soma major trands and davalopmants which should ba 
considarad whan ambarking on a training program for computar litaracy in an 
organisational satting* 

1) Computar training ia bacoming an incraaaingly axpanaiva andaavour for 
most organlsationa, aspacially for amall firma which oftan do not hava tha 
naoassary computar kno%f«how to provida in-houaa training* Thua, a daciaion muat 
ba mada batwaan providing training in-housa by hiring an outsida spacialist or 
sanding amployaas to outsida facilitiaa* Tha lattar may ba tha mora aconomical 
if tha firm can maka uaa of couraaa and/or facilitataa offarad by aducational 
non-profit inatitutiona auch aa univaraitiaa and collages* 
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2) Froa a pmtmoaoml planning point of vlaw, managara and amployaaa must 
drntrntmixm togathar whan aklll obaolascanca la baconlng an laaua, tharaby making 
upgrading a nacaaalty to anaura aatlafactory parformanca. 

3) Laarnlng outconaa ouat ba aaaasn^d looklag at both tha aubjactlva and 
tha objactlva dlmanalona. Such data ara ragulrad for datarmlnlng tha utility 
of any training program aponaorad or piid for by tha organisation. 

4) Both computar argonoalca and Individual dlffarancaa, aa outllnad In 
Tabla 1, muat ba conaldarad whan ilfaalgnlng or aalactlng training programa for 
computar akill acqulaltlon by amployaaa. 

5) To facllltata tha tranaltlon from controllad to automatic procaaalng 
taak-ralatad Information, tharaby incraaalng parformanca lavala, an 

IndlTidual ahould hava unllmltad accass to tha computar to practlca tha nawly 
Acquirad akllla aa much aa ha or aha faala nacaaaary or la motlvatad to. 

6) Job complaxlty and autonomy may furthar daclda about tha mix of 
daclaratlva and procadural knowladga tha Individual muat acqulra to parform 
aatlafactorlly whan doing computar-madlatad taaka. An Individual 'a cognltlva 
raaourcaa and motor akllla will Inf luanco tha tlma alamant ragulrad to laarn tha 
akllla naadad to auccaad whan doing computarnnadlatad taaka which ara job 
ralatad. 

Tha abova auggaatlona ara not, of couraa, all-ancompaaalng, but thay do 
llluatrata that daclalona about training af forta In tha araa of computar akllla 
rsqulraa caraful planning and daclalon-maklng. Moraovar, contlnuoua changa In 
tachnology will raqulra mora fraquant training for moat amployaaa to avoid aklll 
obaolaacanca, tharaby making a caraful conaldaratlon of tha laauaa outllnad In 
thia papttr a nacaaalty. 
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VOOmOTBS 



BrgonomicG is a scimca which is concarnad with ths study of ths functional 
relationship batwaan human baings and tachnology such as computars. Srgoncmics 
considars char act ari sties of paopla whan dasigning and arranging tachnology and 
%iorkspaca, tharaby helping to incraasa tha af factivanass and safaty of 
intar action. 

tha man-tachnology intarfaca could ba dafinad as ancompassing tha critical 
factors for auccass to ba considarad bafora and during tha acquiaition of naw 
tachnology and making tha nacasaary adaptationa laading to organisational changa 
(a.g., workflow, job ralatad taaka and organisational atructura). Thua, man- 
tachnology intarfaca looks at tha phyaical contaxt of work (a.g., work atation 
daaign, illumination, ambiant taaqparatura, privacy and social intaraction, and 
alao Tiaual and acouatical privacy) aa wall aa tachnology argonomica (a.g., 
argonomica of hardware auch aa tha viaual-diaplay terminal (VDT) and keyboard 
deaign, aoftware ergonomica and uaar friendlineaa of technology applicationa) • 
Benee, auocesaful man-technology interaction leada to a healthy work environment 
and aupporta the aa^loyee'a and firm'a efforta toward a high quality of work 
life for technology uaera. 

Computer ergonomica ia the atudy of computer uaeability and encompaaaea all 
the hiuDan factor a that are relevant to computer deaign and use. 

A "mouae** ia a pointing device to aelect items on a video acreen. It ia a 
small box sat atop wheela or ball bearinga and attached to the keyboard with a 
wire to improve maneuverability. Rolling the mouae on the table will cauae 
analogoua movement a of the cursor on the video display. Buttona protruding form 
the top of the mouae can ba uaed to select certain commanda and actiona. 
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Table 1 

Individual Differences, Technology-Task Interface and Skill Acquisition; A Four-Part Framework 



SOCIODEMOGRAPHIC FACTORS ABILITIES AND MOTIVATION TASK CONSTRAINTS MAN-TECHNOLOGY INTERFACE 



-Age 
•Gender 



-General Ability 
-Perceptual Speed 

Ability 
-Psychomotor Ability 

-Mo;:lvatlon and 
Expectancy 



Level of: 
-transfer of 

learning 
-complexity 

-consistency 



-Learning Environment 

-Computer Ergonomics 
-Novice versus Skilled 
User 



Table 2 

A Conceptual Framework for Computer Skills Training 



LEARNING SETTING TEACHING METHOD DURATION AND COMPUTER ERGONOMICS 

FREQUENCY OF 
SKILL ACQUISITTON 



-classroom -computer-aided 

learning (CAI) 
--laboratory -behavioural 
-our the - J ob mo del 1 Ing 

-coodiinatlon of the -peer training 

above -self-study 

-goal setting 
-combination of the 
above 



-hours /working Hardware 

days of training - workstation design 
Type of training: -mouse and/or keyboard 
-continuous design 

-Intermittent -visual-display terminal 



Software Design 

- command structure 

- vocabulary 
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Table 3 

A Dttscrlptlve Taxonomy of Research about Moderating Variables Affecting 
Computer Skills Acquisition 



RESEARCH ON MODERATING 1) 
VARIABLES AFFECTING 
SKILL ACQUISITION 



EDUCATION AND TRAINING ?-) 



INDUSTRIAL PSYCHOLOGY 
AND ERGONOMICS 



SOCIODEMOGRAPHIC 
FACTORS 3) 
*Age 
^Gender 

ABILITIES AND MOTIVATION 
-General Ability 
-Perceptual Speed 

Ability 
-Psychomotor Ability 
-Motivation and 
Expectancy 

TASK CONSTRAINTS 
Level of: 

-transfer of learning 

-cosplexity 

-consistency 

MAN-TECHNOLOGY INTERFACE 
-Learning Environment 
-Conputer Ergonomics 
-Novice vs. Skilled 
User 



Yes 
Yes 



Yes 
Yes 



Yes 
* 



Yes 
Yes 



k 

I Note : No mark indicates that research pertaining to these moderating variables and 
I end skill acquisition for technology-mediated work could not be found. 



* • Research dealing with this area is scarce. 

1) Research assessing the interrelationship between moderating variables 
la extremely scarce. 

2) Includes studies from such disciplines as education, management, cognitive 
peychology and sociology. 

3) SOM research in either Education and Training or Industrial Psychology 
and Ergonomics integrating findings from both streams of research can be 
found* 




l^cttottv Taxonomy of Research on Computer Skills Training 



iCli Oil TRAINING 1) EDUCATION AND TRAINING 2) INDUSTRIAL PSYCHOLOGV 



* OttiMCtERISTICS AND AND ERGONOMICS 

cemrm skills 



AoqmmoM 



I^JMIIIZliG SETTING 

^ -clMsrocMi Yes 

-iakwatory Yes Yes 

--Oft-ilitt-job Yes 



•«C0id>iiiAtlon of the 
I iA>ov« * 

nACHIRG METHOD 

I iMraing (CAI) Yes 

^ ^^Mdelling Yes Yes 

f , rpMt tntiiiag Yes 

•«go«l ••tting Yes 
L -coiiblnatlon of the 
I ibovt * 

r WBATION AMD FREQUEHCY 
I or SfILL ACQUISITION 
6 -4ioutt/vorklng days 
L . of training 
p:iyp« of training: 

1^ -continuous Yes Yes 

k -itttamittant 

I OOKPUTER ERGONOMICS 
I Bardnara 

^ «w>rkstation design Yes 
|. HMtMMi and/or keyboard 

L design Yes 
1,.^ «^aal«^splay 

CMBinal Yes 
SoftMuni Dssign 

^CdHhd structure Yes 
^oeabulary Yes 



|^1fitl3i ^ indicates that research pertainlns to this area of technology related 

po^wng could not bs found. If both major research streams do studies on a training 
"ihs^lfettristics domain^ considering and Integrating of research findings from the other 
is liadtsd, 

'> Ksspitch dealing with this area is scarce 

'f ^ * 

1^1) Isspst^ assessing the interrelationship between moderating variables 
Sm kmttmmly icarce • 
2) Iiw|i w 4ss studies from sucB disciplines as education, management, cognitive 
^Mqrdiology and sociology, ^ 
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